We present a new type of quantum critical material YbCo2Ge4, having the largest quantumcritical pseudospin size ever. The YbCo2Ge4-type structure is new, forms in the orthorhombic Cmcm system, and is related to the well-known ThCr2Si2 structure. Heavy rare earth (Tm,Yb,Lu, or Y) members are also possible to be grown. YbCo2Ge4 possesses the Ising-type ground-state doublet, namely the simplest ones of uniaxially up or down, |± ∼ 7/2 . It is clearly manifested through comprehensive resistivity, magnetization, specific heat, and NQR/NMR experiments. Large pseudospin state usually tends to order in simple magnetisms, or hard to be screened by Kondo effect. Therefore, the discovery of the quantum criticality of the fluctuating large spins opens a new door to new-material search and theoretical studies.
Diversity of quantum states-non-Felmi-liquid (non-FL) or unconventional phases like superconductivityemerges near the zero-point phase transition. Electronic degrees of freedom remain fluctuating at this specific point, which is so called a quantum critical point (QCP). Nevertheless, non-FL or quantum criticality (QC) is very rare phenomenon to be observed at ambient pressure in a stoichiometric (not chemically diluted) clean crystal. Fine tuning by pressure or doping is necessary to attain QCP, except for the lucky cases that have been found only in several heavy fermion systems. CeNi 2 Ge 2 , CeCu 2 Si 2 , UBe 13 , and β−YbAlB 4 shows QC at ambient pressure, and all of them are superconducting [1, 2] . Thus finding a new QC material at ambient pressure, being reported here, is very important. Another remark is that QC behavior based on ytterbium -Yb 3+ , 4f 13 has a complemental electronic configuration to Ce 3+ , 4f 1 -has been found to be rare and simultaneously exotic, in contrast to great numbers of Ce/U-based antiferromagnetic (AF) QC which are in accord with the spin fluctuation theories [3] [4] [5] . For example, YbRh 2 Si 2−x Ge x , near the AF QCP, shows divergent behavior of the uniform magnetic susceptibility χ and very large Wilson ratio R W , which is a dimensionless measure of ferromagnetic (FM) enhancement in FL, reaching as high as 14 [6, 7] . Intermediate-valent Yb materials, α, β−YbAlB 4 also exhibit R W > 9 [2] . More compatible theories for these are, for example, the local QCP [8] or valence-crossover QCP [9] scenarios. The supposed QC classes have to be confirmed with more experimental evidences in Yb QCP.
A ThCr 2 Si 2 -type (hereafter 122-type) structure is a very typical framework for studying strongly correlated electrons, including the Fe-based high-T superconductors, many heavy-fermion superconductors/QC materials, and YbRh 2 Si 2 . The next heaviest isostructural Yb compound, YbCo 2 Ge 2 [10, 11] has nearly trivalent Yb and fairly enhanced mass of γ ∼ 200 mJ/mol-K 2 . However the high-pressure study on the polycrystalline form suggests that a QCP is yet away even at 3 GPa [12] . In this Letter, we demonstrate that incorporating extra Ge cations to 122-type structure is very effective to realize QC with Ising-type spins. The QC nature of YbCo 2 Ge 4 with a new 124 structure is revealed by the Sommerfeld coefficient of the electronic specific heat, γ, diverging to zero temperature. Further macro/microscopic magnetic experiments found that underlying QC fluctuations are AF, but not of a simple commensurate one. The universality class of QC differs from those in the other previously known Yb-based QC.
Through search of RCo 2 Ge 4 , tin flux was the only successful method within our trials, Appropriate starting compositions to obtain the largest single crystals were R:Co:Ge=1:2:4 for R=Y,Tm,Lu, and 9:4:6 for R=Yb with sufficient amount of Sn. High purity elements (99.99% Yb or 99.9% R, and 99.999% Co, Ge, Sn) were put in BN crucibles and heated in sealed quartz tubes. The tubes were slowly cooled down from at least 950
• C to 300
• C and centrifuged. Figure 1 (a) displays the new RCo 2 Ge 4 -type structure, and crystallographic parameters, atomic positions, displacement parameters for R =Yb and Lu are summarized in Table. I. ThCr 2 Si 2 -type structure is also displayed in Fig. 1(c) to emphasis the differences: while the original 122 has straight anti-PbO-type Co-Ge conduction layers, the 124 structure has folded Co-Ge2 layers and the extra Ge1 sites. The Ge1 sites surrounds the rare earth site, 
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Curie-Weiss µeff = 5.5 µB -log T~T The basic bulk properties of YbCo 2 Ge 4 (from here denoted as Yb-124) and in part those for YbCo 2 Ge 2 (Yb-122) and LuCo 2 Ge 4 (Lu-124) are shown in Fig. 2 and in . These make a marked contrast to Yb-122, of which ρ shows a standard con-cave T 2 behavior and constant C/T at low T of very FL. The residual resistivity ratio ρ(300 K)/ρ(0 K) reaches no less than 30, which is good enough to examine the low-T nature.
To clarify how Yb-124 persists non-FL at low T and elucidate its criticality class, expanded views of ρ and M are displayed in the panels (d-f). No ordering is observed in ρ(T ) down to 20 mK, and the power law of ρ at the lowest T range (20 mK< T <1.5 K) is about T 1. 4 [the dotted line in the panel (e)], which is non-FL. The inverse susceptibility H/M indicates that the uniform susceptibility χ(q = 0) has no tendency to diverge toward 0 K, and then the FM mode is not QC. Nevertheless, the high degeneracy of the GS caused by the QC is clearly observed in the C M /T = γ, which is the C/T difference between Yb-124 and Lu-124. The diverging γ ∝ log(T * /T ) behavior is shown as the dashed line in Fig. 2(c) . A single ion Kondo or characteristic spin fluctuation scale, T * , of 23 K, is inferred from the fit, and 77% of the entropy of the GS doublet, R log 2, is released at T * . This T * is comparable to that of YbRh 2 Si 2 , ∼ 24 K [7, 13] , but much less than 200 K in β-YbAlB 4 which has more intermediate-valence trend [2] . Since the lowest T of the present study is significantly lower than T * , Yb-124 certainly locates very close to the QCP. The QC of Yb-124 can be tested toward another axis, by looking at H dependence of the properties. In the panels of M/H and C/T , 3∼5 T along the easy axis b works enough to disturb the non-FL state and changes it to the FL state below a few Kelvins. The energy scale of µ B H (µ B is the Bohr magneton) is much less than T * , and QC of Yb-124 is confirmed again at least within this scale.
Next, the properties of the Yb ion are discussed from the magnetization data above T * . Clearly seen is strong Ising-type anisotropy along the b axis in all the T range [ Fig. 2 
well. The effective moment µ eff takes a large value of 5.5 µ B per Yb when the fitting range is selected to 30 K∼200 K [dotted line in Fig. 2(b) ]. This µ eff value considerably exceeds 4.54 µ B which is the full value for the isotropic Yb 3+ ion (the total angular momentum J = 7/2), and thus Yb-124 must have nearly pure |J z = ±7/2 Ising GS doublet and the valence very close to +3 (Note that µ eff of an Ising spin is greater than that of an isotropic spin, as discussed in Supplemental Material with more quantitative details). This situation is very different from YbRh 2 Si 2 at low T , having smaller µ eff of 1.4 µ B with the in-plane anisotropy [6] . To our best knowledge, the effective moment of 5.5 µ B for the GS doublet is the largest value in the QC materials, rather with a big difference. Of course, isotropic Ce +3 cannot have µ eff larger than 2.54. More unusual is that large Ising spins lead to a high de Gennes factor and high transition T of magnetism, and quantum fluctuations should be less effective due to small transition probabilities for whatever spin-related. Exceptionally, the valence fluctuation could be unaffected by this problem.
The Wilson ratio R W (= π 2 k 2 B χ/µ 2 eff γ) is found to be 2.7 from the 5-T data of M/H and C/T at the lowest T . The value of ∼ 3 is slightly larger than 2, which is expected for ordinary heavy fermion metals with twolevel GS degeneracy. From this moderate value of R W , negative Θ W , and no tendency of divergence of M to the zero T suggests that the QC fluctuations are related to the AF. This issue will be argued in the following microscopic study. Figure 3 shows the single-crystal nuclear magnetic resonance (NMR) results for 59 Co nuclei (I = 7/2). The anisotropic Knight shifts 59 K i (i = a, b, c), which is a measure of static magnetization at the wave vector q = 0, reflects strong Ising anisotropy as expected [Fig 3(b) ]. The measured 59 K(T ) are generally composed of the T -independent (orbital, diamagnetism) chemical shifts, K chem , and of the spin part K s (T ): The electric field gradient (EFG) at the Co nuclei was given by the spectral splitting of the NMR or the zerofield resonance, nuclear quadrupole resonance (NQR), frequencies (see Supplemental Material). At elevated T , in principle the EFG is changed by the phonon/CEF activations, lattice expansion, or valence fluctuation. In Fig. 3(d), T Following the valence fluctuation issue, the spin fluctuation of Yb-124 is focused on from the measurement of the NMR/NQR relaxation rate T
−1
1 , which is shown in Fig. 4(a) . The Korringa law, (T 1 T ) −1 =const., applies for Yb-122 and Lu-124, because it is in FL state. Yb-124 instead shows greatly enhanced spin fluctuations at low T , as a result of strong spin fluctuations or mass enhancement. The constant T 1 behavior above T * corresponds to a Curie law due to the localized Yb spins. In more detail, 59 T
−1 1
is proportional to local (at Co nuclei) magnetic fluctuations at measured frequency, (δH ⊥ ) 2 (ω) . The superscript ⊥ means fluctuations perpendicular to the quantization axis, which is the external field direction for NMR or practically the c axis for NQR of Yb-124, being effective to cause nuclear level transitions. Immediately, a general expression like
1 ) a is given. Therefore, the anisotropic fluctuations can be resolved from T 1 measurement for three field directions, as plotted in the inset (b) of Fig.4 
, and presumably the small incommensurate AF wave vector would be the relevant spin fluctuations in the QC of Yb-124 (FM fluctuations along the easy axis cannot produce the magnetic fluctuations along the a axis at the Co site in the given symmetry, see the Supplemental Material for the details). The QC enhancement in (T 1 T ) −1 is not prominent in the log-log plot, but − log T behavior is obvious in the semilog plot [the inset (c)].
Up to now, the determined QC exponents are T 1.4 for ρ c , and − log T for γ = C M /T and (T 1 T ) −1 . These, except for ρ c , are compatible with the class for twodimensional AF [5] , although the dimensionality, magnetic anisotropy, or a treatment for the incommensurate AF should be properly considered in further analyses. In the series of the previously known Yb-based QC materials, peculiar correspondence has been discovered and stimulated theoretical efforts. For example, YbRh 2 Si 2 , β-YbAlB 4 , and the quasi-crystal Au 51 Al 34 Yb 15 exhibit diverging QC behavior in the uniform χ, characterized by T −0.6∼−0.5 , T 1∼1.5 in ρ, and − log T in γ [2, 7, 15] . All of these were successfully described by the valence fluctuation QC [9] . However, Yb-124 has a distinct QC class, evidently because quantum fluctuations at the FM mode are absent. To summarize, we report new material YbCo 2 Ge 4 and QC examined by the macro-and microscopic experiments. The universality class of the QC would be two-dimensional AF class within conventional spin-fluctuation theories, but roles of the giant Ising-type GS of the Yb ions is still mysterious and has to be clarified.
We 
Supplemental Materials

Experimental details
The growth conditions for RCo 2 Ge 4 single crytals are described in the main text. Excess flux was etched with hot ∼10% hydrochloric acid. The yield of 124 inside the ingot is typically not more than a few 10%. What is more difficult is that ultrasonic cleaning or grinding degrades the crystals, probably because the 124 structure is metastable at room T . Therefore we have never successfully acquired a powdered x-ray diffraction (XRD) pattern. These problems may have hindered identification of the 124 structure in past surveys: Materials having exact 124 formula has not been reported so far in R-Co-Ge system. However, Tm 0.15 Co 0.30 Ge 0.55 was previously observed during a Tm-Co-Ge ternary phase diagram study as one of compounds with unknown structures [16] , We guess that the reported Tm 0.15 Co 0.30 Ge 0.55 was identical to our 124 compound.
Single-crystal XRD measurements were carried out on a CCD and a curved imaging plate area detectors using a Mo-Kα radiation. No defect or inclusion of tin has been detected in the energy dispersive x-ray spectrometry (EDS) or single-crystal XRD analyses. For R =Y and Tm, our information is limited to EDS and oriented XRD up to now, and only the a-axis lengths have been fixed to be 1.464 and 1.455 nm, respectively.
The electrical resistivity ρ was measured with a standard four-probe method in a dilution fridge, the magnetization was by a commercial SQUID magnetometer, and the specific heat C was by a commercial magnet and 3 He-fridge with a heat capacity option. The in-plane ρ in the low-T range and raw C before subtracting the phononic/d-electron part are shown in Fig. S1 .
The NMR/NQR experiments have been performed with a standard pulsed spectrometer, and a cryo-cooled (liquid nitrogen) pre-amplifier to obtain better signal to noise ratio. The NQR experiment below 0.9 K was carried out with a dilution fridge in Kyoto University. An transverse-field 7T NMR system with 3 He/ 4 He circulation condensed by a 1.5-watt GM refrigerator was used in Kochi University for the other experiments. The NMR field-swept spectra were acquired by the fourier step sum method around at the center frequency. The value of T −1 1 was determined by fitting the time dependence of the spin-echo intensity of the central transition line after the inversion pulse to the theoretical formula [17] . For NQR with a finite η(∼ 0.28), a recovery function is solved with the strict diagonalization: ∝ 0.206 exp(−3.0t/T 1 ) + 0.566 exp(−9.302t/T 1 ) + 0.228 exp(−18.37t/T 1 ). For the easy axis b below 15 K, line crossing caused by the large demagtization effect prevented relaxation measurent. Good fitting was obtained in the whole temperature range. On CEF level scheme of Yb ion and effective moment for Ising spin
The − log T fit to the magnetic specific heat per Yb ion (see the main text) indicates that the entropy for the GS Kramers doublet is recovered above T * . Therefore, the higher CEF levels locate much above T * . In addition, another evidence for absence of CEF levels between T * and ∼200 K is strong anisotropy observed in the magnetization measurement [see the main text, 
where J GS is the eigenvalue of J z for the GS + state and hereafter we take the quantization axis z along the easy 1 The Yb sites is on 4c Wyckoff position which has the two-fold rotational local symmetry along the b. Then the local Ising axis cannot tilt from the b axis, 2 The on-site hyperfine coupling constant of the magnetic Co ion is typically an order of 100 kOe/µ B , but the experimental value of Yb-124 is 1.6 kOe/µ B , and the K b is almost perfectly proportional to the M b bulk . 3 Remind of a Curie law:
axis b. If we adopt the generally-used above definition of µ eff , immediately
Then the µ eff, Ising = 6.93 µ B for |±7/2 GS or 4.95 µ B for | ± 5/2 GS and these are indeed larger than the high-T isotropic value of Yb +3 , µ eff = 4.54 µ B . From the experimental value of 5.5 µ B for 30 K∼200 K, we obtain two limiting cases:
• J GS = 2.75, and the valence of the Yb ion is 3+.
Since the diagonalized wave function |GS + does not have | + 5/2 component, +7/2|GS + > 0.79.
• J GS takes the maximum value of 7/2, and the Yb ion is of intermediate-valence state. The valence becomes 2 + 5.5/6.93 = 2.8.
Therefore, in any case, the major wave function of the GS should be | ± 7/2 . When a Curie-Weiss fit is applied instead to the higher T range, between 200 K and 300 K, Θ W takes a ferromagnetic value of 23 K, and µ eff become decreased to 4.49 µ B , which is close to the expected value without considering the CEF levels. We infer that the next CEF energy levels are around at ∼ 200 K.
NQR parameters
From the quadrupole splitting in the NMR spectra and the nuclear quadrupole resonance (NQR) observation at ∼2.88 and 4.46 MHz, the nuclear quadrupole coupling of Yb-124 were fixed. The traceless electric field (EFG) gradient tensor V ij , which is proportional to the nuclear quadrupole coupling tensor, at low T has a form of
The V ab and V ac elements are zero due to the local symmetry. The largest eigenvalue of the NQR tensor, ν Q = 1.505 MHz, and the asymmetric parameter η = 0.28, and the principal axis for the ν Q is in the bc plane and 6.5
• off axis from c. A point charge model is inaccurate, but convenient method to obtain the EFG tensor by a calculation. When the valences of Yb and Co are selected to be +3 and +0.86, and Sternheimer antishielding factor is -3, the calculation within nearby 5 lattices can reproduce the above ν Q and η, although the principal axes are different. Such a discrepancy is usually based on itinerancy and/or covalency of conduction electron layers. However, the roles of Yb ions in the EFG would be more like a point charge, and then we believe the effect of the valence change could be more accurate in the point charge calculation. 
The A ab and A ac elements are zero (Co has a two-fold rotation symmetry parallel to the a axis), and therefore the local fluctuations along the a axis cannot be produced even when the Yb moments fluctuate along the b (or c) axis. Eventually, (δH b,c ) 2 ≫ (δH a ) 2 for the FM mode, q = 0. This relation apparently contradicts to the results in the main text of Fig. 4 . Therefore, finite q fluctuations have to be considered.
For the commensurate AF fluctuations, and for simplicity, an obvious case [q = (0, 0, 1)] is easily formulated within the nearest neighbors: 
although an estimation of the values for A ab,ac would be impossible. A similar way was applied in the 75 As-NMR experiment of the iron-based superconductivities where commensurate AF fluctuations are relevant [18] . 
Therefore, the underlying fluctuation mode has to be characterized between the above two cases. A plausible candidate is one with incommensurate q close to 0, as YbRh 2 Si 2 has q = (0.14, 0.14) fluctuations near the field driven QCP [19] . For YbRh 2 Si 2 , 29 Si-NMR study also suggested a presence of AF fluctuations since the (T 1 T ) −1 obeys T −0.5 law to the lowest T while K is constant [20] . It is difficult to tell the exact wave vector for such an incommensurate AF mode by the present NMR study, but it would be possible if some of the off-diagonal component in 59 A hf ij are solved by low-field NMR experiments in future studies.
Finally we note that the relevance of the incommensurate AF fluctuations with the wave vector close to 0 is reasonably consistent with the moderately large Wilson ratio of 2.7.
